We study B → J/Ψ η (′) decays and suggest two methods to determine the η − η ′ mixing angle. We calculate not only the factorizable contribution in QCD facorization scheme but also the nonfactorizable hard spectator corrections in pQCD approach. We get the branching ratio of B → J/Ψ η which is consistent with recent experimental data and predict the branching ratio of B → J/Ψ η ′ to be 7.59 × 10 −6 . Two methods for determining η − η ′ mixing angle are suggested in this paper. For the first method, we get the η − η ′ mixing angle to be about −13.1 • , which is in consistency with others in the literature. The second method depends on less parameters so can be used to determine the η − η ′ mixing angle with better accuracy but needs, as an input, the branching ratio for B → J/Ψ η ′ which should be measured in the near future.
I. INTRODUCTION
Nonleptonic decays of B mesons is a good place for testing the Standard Model and finding new physics beyond the SM. Several useful methods have been created to calculate the hadronic nonleptonic decay matrix elements, such as the naive factorization assumption(NF) [1, 2] , the pQCD approach [3] , the QCD-improved factorization (QCDF) [4] , soft collinear effective theoty (SCET) [5] etc. Most of the predictions from these methods are consistent with experimental data, but these methods do not apply to B mesons decays into charmonia [6] , such as B → J/ΨK. The branching ratio of B → J/ΨK from NF is too small compared to the experimental data by Babar [7] , 
The large inconsistency between prediction from Naive Factorization and experimental data shows that nonfactorizable contribution may play an important role . Some other approaches have been tried to solve the puzzle [8] . The prediction B(B 0 → J/ψK 0 ) ≈ 1 × 10 −4 from QCD-improved factorization(QCDF) is too small to account for the data. In the calculation of the hard spectator scattering diagrams by QCDF, logarithmical divergences are generated from the end-point region. So to make an estimation, arbitrary cutoffs for parameterizing the divergence have been introduced, which render the contribution of the nonfactorizable hard spectator scattering diagrams out of control. A method to calculate the hard spectator scattering diagrams was introduced by the authors of Ref. [9] . This method can give good explanation for the decays of B → J/ΨK.
The B → J/Ψ η (′) decays were calculated with pQCD approach in Ref. [11] . The predicted central value of B → J/Ψ η in Ref. [11] is four times smaller than the recent measured one by Belle [12] . The reason is that the characteristic scale in the factorizable diagram of B → J/Ψ η (′) is around 1 GeV, which means that the pQCD approach can not apply. The calculation of many B decays into charmonia shows that the method in [9] is applicable for calculating the decay amplitude of B → J/Ψ η (′) . In this paper, we calculate the B → J/Ψ η (′) decays with the methods put forward in [9] .
The mixing of η and η′ and their components are interesting topics to be investigated.
Many attempts have been made to determine the mixing angle and the gluonic component [13] - [35] . Most of the authors obtained the mixing angle θ p in the range between −20
• to
−10
• by fitting the experimental data . The η − η ′ mixing angle is generally determined through the calculation of the decay amplitudes or transition form factor, so the determination of η − η ′ mixing angle depends on the choice of some uncertain parameters and assumption about the variation of the form factor with momentum transfer Q 2 , the decay constants of η and η ′ , CKM matrix elements, and the choice of model-dependent wave function of the relevant mesons . That means that the fitted mixing angle has many uncertainty sources, such as the chiral enhancement scale m
chosen from 1.07 GeV to 1.5 GeV , the uncertain shape parameter in the wave function which causing big uncertainties of the decay rates and the model-dependent wave functions of the relevant mesons . We think that it is not a good way to determine η − η ′ mixing angle with too many parameters and assumptions. So we try to find a better method to determine it. Based on only one assumption that the decay constant and the distribution amplitude of the dd component for η is the same as that for η ′ [29, 34, 36] , we can derive the relation between the branching ratios of
. From this relation, we can determine η − η ′ mixing angle. The only inputs we need are the masses of η (′) and the experimental value of the ratio of the branching ratios for B → J/Ψ η (′) . The masses of η (′) have small uncertainties [37] , so the η − η ′ mixing angle determined in this way has much less uncertainty sources.
This paper is organized as follows. In Sec. II, we derive the formulas for the amplitudes of the B 0 → J/Ψ η (′) . Two methods for determining the η − η ′ mixing angle are presented.
Summary is given in Sec. III . Some input parameters and mesons wave function are listed in the appendix in Sec. IV.
II. BRANCHING RATIOS FOR THE DECAYS OF
The accuracy of the mixing angle of η and η ′ depend on the reliability of the method for calculating the decay amplitudes. B → J/Ψη (′) are good processes for determining the η −η ′ mixing angle. From the prediction for B → J/ΨK ( * ) in Ref. [9] and that for B → J/Ψπ 0 in our paper[10], we believe that the method in Ref. [9] can be used to calculate the branching ratios of B 0 → J/Ψη (′) so as to determine the η − η ′ mixing angle.
The η and η ′ are neutral pseudoscalar (J P = 0 − ) mesons. There are two different mixing scheme to describe the η -η ′ mixing, we choose the mixtures of the SU(3) F singlet η 1 and the octet η 8 [29, 34] :
with
where θ p is the η − η ′ mixing angle .
In order to determine the mixing angle of η and η′, we choose to calculate the
For the B 0 → J/Ψ η (′) decays, the effective Hamiltonian is given by [38] ,
with the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements V and the four-fermion operators,
i, j being the color indices.
In this paper, we take the light-cone coordinates (p + , p − , p T ) to describe the fourdimensional momenta of the meson,
At the rest frame of the B meson, the momentum P 1 of the B meson is
the J/Ψ(η) meson momentum P 2 (P 3 ) can be written as
The polarization vectors of the J/Ψ meson are parameterized as
The decay width of of
The amplitude A consists of factorizable part and nonfactorizable part. It can be written
with mixing factor
where A F A denotes the factorizable contribution, A V ERT is the vertex corrections from 
A. Factorizable Contribution and Vertex Correction In QCDF
The factorizable part A F A of amplitude A in Eq. (11) for B → J/Ψη decay can not be calculated reliably in pQCD approach, because its characteristic scale is around 1 GeV [9] . We here compute the factorizable part of amplitude and the vertex correction from 
where
is the B → η transition form factor defined as The Wilson coefficient a ef f for B 0 → J/Ψη can be derived in QCDF [39] ,
with the function,
For the B → η transition form factor, we employ the models derived from the light-cone sum rules [40] , which is parameterized as 
B. Hard Spectator Scattering Corrections In pQCD Approach
For the hard spectator scattering corrections A HS from Fig. 1.(e)-(f) , QCDF is not appropriate due to the end-point singularity from vanishing parton momenta. The nonfactorizable contribution has a characteristic hard scale higher than that in B meson transition form factor [41] . Therefore, we can employ pQCD approach based on k T factorization theorem, which is free of the end-point singularity for the spectator amplitude [9] . The nonfactorizable hard spectator amplitudes can be written as,
where the amplitudes M in ref. [9] ,
with the color factor C F = 4/3, the number of colors N c = 3, the symbol [dx] ≡ dx 1 dx 2 dx 3 and the mass ratio r η = m
being the chiral scale associated with the η meson.
In the derivation of spectator correction in pQCD approach, we need to input the wave function of relevant mesons , we list the wave functions in appendix.
The evolution factors are written as [9] 
with the Wilson coefficients,
The Sudakov exponent is given by [9] S(t) = S B (t) + S K (t) ,
The hard functions h
with the arguments,
In the calculation of hard function, we reserve the power terms of r 2 up to O(r are taken as zero, the hard function in this paper is same as the hard function in ref. [9] .
The hard scales t are chosen as
Similarly, we can get the amplitude A for B 0 → J/Ψη ′ . From the the amplitudes for 
C. Numerical Analysis
From the Eq. (10) and Eq. (11), we can derive the relation of the branching ratio of
where On the other hand, if we take the η − η ′ mixing angle as an input, say, −20
we can predict the branching ratio of B 0 → J/Ψ η,
Comparing our result in Eq. (34) with experimental data in Eq. (32) and that in Ref. [11] ,
and other works in B decays into charmonia, we can conclude that pQCD approach can not apply to calculate the factorizable diagram in B decays into charmonia, because the characteristic hard scale is not big enough.
Now we discuss the other method for determining the mixing angle θ p . Because the branching ratio of B 0 → J/Ψ η ′ has not been measured, we need to calculate the branching ratio of B 0 → J/Ψ η ′ . Taking the η − η ′ mixing angle as θ p = −13
• , the branching ratio of B 0 → J/Ψ η ′ can be gotten from Eq. (31),
From Eq. (29), we can get the relation of the ratio of the branching ratios of B 0 → J/Ψ η and B 0 → J/Ψ η ′ with the η − η ′ mixing angle θ p ,
From the Eq. (37), the mixing angle θ p can be extracted from the ratio of the branching ratios of B 0 → J/Ψ η (′) . Because the uncertainty of the masses of η and η ′ is very small, the uncertainty of θ p determined in this method is mainly from the uncertainty of the measured ratio of the branching ratios of B 0 → J/Ψ η (′) . It is obvious that the second method can reduce the uncertainty quite a bit. In Fig.(4) we show the variation of the ratio of the branching ratios of B 0 → J/Ψ η (′) with θ p . If the ratio of the branching ratios of
with θ p were measured, we could determine the mixing angle θ p fairly well.
We hope that the future experiments would do it!
III. SUMMARY AND DISCUSSION
In this paper, we derive the decay amplitude of B 0 → J/Ψ η (′) and the relation of the branching ratios of B 0 → J/Ψ η (′) . We computed the branching ratio of B 0 → J/Ψ η which is in agreement with recent experimental data. We also predict the branching ratio of B 0 → J/Ψ η (′) to be 7.59×10 −6 . From the result of the branching ratios of B 0 → J/Ψ η (′) shown in Table I ,II, we can find the nonfactorizable contribution in B 0 → J/Ψ η (′) is comparable to the factorizable part, which is similar with in other B decay modes into charmonia. Comparing many calculations to B decays into charmonia, we conclude that the pQCD approach can not be used to calculate the factorizable contribution in B decays into charmonia. We suggest two methods to determine the mixing angle θ p of η and η ′ . For the first method we get η − η ′ mixing angle θ p to be about −13.1 • which is in consistency with others. The second method for determining the the mixing angle θ p can reduce the uncertainties quite a bit, but needs the experimental data of the branching ratio of B 0 → J/Ψ η ′ as an input. We hope that the future experiment would measure it.
For comparison of the different contributions to the braching ratios from naive factorization, vertex correction, and hard spectator scattering, we present Table I,II. Form Table I,II we can see that the vertex correction and the spectator scattering are very important. The naive factorization alone can not fit the data. 
For the CKM matrix elements, we adopt the wolfenstein parametrization for the CKM matrix up to O(λ 3 ),
with the parameters λ = 0.2272, A = 0.818,ρ = 0.221 andη = 0.340.
For the B meson distribution amplitude, we adopt the model [42, 43] 
